Cd3As2 is a Dirac semimetal that is a 3D analog of graphene. We investigated the local structure and nuclear-spin dynamics in Cd3As2 via 113 
I. INTRODUCTION
Cadmium arsenide (Cd3As2) is a " ## % & chemically stable n-type semiconductor with high carrier mobility, which makes it a candidate for device applications [1] [2] [3] [4] [5] [6] [7] [8] . Cd3As2 was predicted theoretically by Wang et al. 2 to be a Dirac semimetal (DSM). It has an inverted band symmetry mainly due to a strong spin-orbit coupling (SOC). Its 3D Dirac cones were recently observed experimentally 3 . Two dimensional (2D) or three dimensional (3D) Dirac semimetals include graphene and the 2D surface states of 3D topological insulators (TI) with 3 the Fermi level at the Dirac point inside the bulk band gap (Cd3As2, Na3Bi etc.) 4 .
Unconventional phenomena and physical properties including exotic electrical and thermal conductivity, high-temperature linear quantum magnetoresistance and oscillating quantum spin Hall effects have been detected by angle resolved photoemission spectroscopy (ARPES) and magneto-transport techniques [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Here, we have performed 113 Cd NMR measurements on Cd3As2. Due its ability to probe structural and band structure characteristics at specific atomic sites, nuclear magnetic resonance (NMR) spectroscopy can provide information that is hidden to other techniques (transport, ARPES etc.). In this study, NMR data in Cd3As2, accompanied by calorimetric and X-ray diffraction studies, are analyzed as function of temperature and magnetic field to shed light on the structural and electronic characteristics at a local level. A site inequivalence between the Cd atoms within the lattice was determined by static and magic angle spinning (MAS) spectral analysis. A two-site model with the shielding parameters extracted from the Hertzfeld-Berger analysis of the MAS spectrum describes the observed spectra.
Interestingly, a bipartite spin-lattice relaxation mechanism was found to describe the entire relaxation process across the temperature (T) range. The power-law (T 2 ) dependence that occurs at the low-T regime is consistent with a nuclear spin-rotation relaxation mechanism, strongly effective in heavy Z-elements followed by a Cd hopping mechanism in the high-T regime, due to the large number of Cd vacancies that permit migration of Cd atoms within the lattice. The aforementioned complex relaxation process as a function of temperature and magnetic field bears resemblance to both the spin dynamics of ionic solids and graphene but is dissimilar to the one expected for conventional semimetals 41 .
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II. EXPERIMENTAL
The crystal structure of Cd3As2 was characterized at ambient temperature from powder samples using an X-ray diffractometer (XRD, Bruker D8 Discover Powder X-ray Diffractometer). Crystal structure analysis was performed at using Θ-2Θ scans, where the shape and width of the XRD spectra peaks were determined with the Rietveld refinement technique. Figure 1a shows the XRD patterns for the bare and annealed samples, which both reveal a polycrystalline sample. A diffraction peak analysis reveals the presence of tetragonal Cd3As2 (JCPDS: 21-0107) for both samples. The Rietveld refinement on the XRD pattern yields lattice constants of a = 12.6515 Å and c = 25.4432 Å. A second, hexagonalclose packed (hcp), Cd2 phase (JCPDS: 00-8491) was also observed for both samples. The samples had hcp Cd2 peaks for 2Θ = 31.78 and 38.45, which correspond to (002) and (011) crystal directions. Cd3As2 shows a tetragonal unit cell with the Cd atoms occupying tetrahedrally coordinated sites and As having cubic coordination. The crystal structure of Cd3As2 has been reexamined in consideration of the topological properties predicted for three-dimensional crystals 12 . The authors describe the crystal structure in terms of that of CaF2, showing that the Cd is distributed in the cube-shaped array occupied by F in CaF2, while the As is in the FCC positions occupied by Ca 12 . The crystal structure of Cd3As2 can be described relative to an anti-fluorite structure possessing 25% Cd site vacancy. The ordering or disordering of the vacancies affects the space group to which the crystal belongs 12 .
Differential scanning calorimetry measurements on Cd3As2 were performed using a PerkinElmer DSC 8000 scanner across the temperature range T = 303-523 K at a rate of 5 5°C/min during upwards and downwards ramping. Figure 1b presents Figure 1c ). The elemental mapping of the sample was performed using ZEISS Supra 40VP
SEM at 25 kV. The Κα bands for Cd and As were outside the detectable range of the energy spectrum, where Lα bands were sufficient enough for detection and analysis. Cd and As peaks are clearly seen in the EDS spectra with weight percentages of 63% and 37%, respectively. The remaining small peaks which is mainly O (ambient oxygen) were not labeled for the sake of simplicity and purpose of this work. The percentage error in determining the weight content was less than 1%. These elemental mapping results indicate that the sample is composed of Cd and As. Lastly, our Cd3As2 sample is an n-type material.
The carrier type of our sample was checked by a Hall coefficient measurement in a magnetic field of ±3 T at room temperature ( Fig.1 inset) .
The 113 Cd NMR data were acquired on a Bruker AV-600 spectrometer using both MAS and wideline techniques at a frequency of 133. 
III. RESULTS AND DISCUSSION
The ambient-temperature 113 Cd MAS spectrum of Cd3As2 spinning at 10 kHz is shown in All the resonances were temperature independent (220-380 K A plot of 113 Cd 1/T1 vs T is shown in Fig. 4 . The temperature dependence of 1/ ; of Cd3As2 in the low-T range follows a power-law 22 , what is expected in conventional metals (Korringa law) and semi-metallic (two-band model) materials 23, 41 . Previously, NMR studies from Young et al. 24 , Koumoulis et al. 25 and Kobl et al. 26 have also observed a power-law behavior of 1/T1T vs T in bulk topological insulators and GaAs epilayers. They have attributed it to the presence of native defects, disorder or a high amount of vacancies within the lattice that can generate charge carriers and electronic inhomogeneity 42 . In the case of Cd3As2, the obtained T1 (95 s) values are undoubtedly not representative of a metal or a semimetal. Thus, any interaction between the nuclear spins and the conduction carriers (hyperfine interaction) is most likely negligible and the Fermicontact interaction does not provide a significant pathway for relaxation. As mentioned earlier, this is an unexpected result, considering that the band dispersion curves of Cd3As2 1, 2 are mostly determined by the Cd-5s states (conduction bands). However, the present NMR results show that the Fermi-contact mechanism is not pertinent here. On the other hand, scalar relativistic effects and spin orbit effects in high-Z elements also have a strong impact on the electron-nucleus interactions and an effect on the NMR properties, since any change in the symmetry of the conduction bands (band inversion effect) also influences both the Cd nuclear magnetic shielding and the Cd spin dynamics and as a result the Fermi-contact term vanishes.
Recently, Okvatovity et al. 27 investigated the NMR dynamics in Weyl semimetals (WSM)
theoretically. The WSM share quite parallel phenomenology to the Dirac semimetals. They have particularly investigated the hyperfine interaction between the Weyl fermions and the nuclear spins around the Weyl point 27 . In contrast to magnetic excitations around a parabolic (E∝k 2 ) band dispersion (as expected in a conventional metallic material), the linear dispersion (E∝k) leads to a strengthening of the orbital hyperfine contribution and the temperature-independent Korringa mechanism becomes a temperature-dependent process similar to the case of nodal superconductors (power-law temperature dependence) 39 .
Specifically, in WSM the nuclear spin-lattice relaxation time closely behaves as in graphene
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(T1~T -3 ) 27, 40 . This nonlinear behavior is closer to the 113 Cd relaxation behavior but fundamentally different from that of a conventional metal or semimetal. Similarly, specific heat measurements in Cd3As2 revealed that the contribution of electrons even at low temperatures is negligible 28 . In addition, recent work by Zhang et al. 11 reported an unexpectedly low thermal conductivity of Cd3As2, smaller than that of a semiconductor or conventional (semi-) metal. Thus, the physical properties of Cd3As2 such as the electrical and thermal conductivity are different from those expected of semimetals, in line with our results.
In order to discuss more quantitatively the spin dynamics of Cd3As2 we take a closer look at the power-law temperature dependence of 1/T1 and compare it with other heavy-Z element materials. In particular, the T-dependence of 1/T1 reveals the observed power-law relaxation mechanism ( ∝ γ % ) to the lattice vibrations (phonons) 29, 31 . In the case of Cd3As2, the calculated value [29] [30] [31] [32] . We conclude that the spin-rotation-mediated relaxation pathway in 113 Cd of Cd3As2 is similarly effective as the one for 119 Sn (α-SnF2) but less effective than for 209 Pb (PbTiO3). It should be noted that this relaxation mechanism is unrelated to the van Kranendonk 33 mechanism that is applicable in the case of quadrupolar nuclei (I >1/2). The
Raman nuclear spin-rotation mechanism 32,34 encountered here is related to the modulation of the angular velocity 29 (instead of the angular momentum of a molecule in liquid phase) and its strength is proportional to the interatomic distance (nuclear spin-spin dipolar interaction) 29, 32, 34 .
At high temperatures (T > 330 K) the NMR data follow a thermally activated mechanism (Arrhenius law), ). We found an activation energy of =0.17 eV. The lower inset of Fig. 4 shows the Arrhenius plot of the high temperature data, shown as a red straight line (Fig. 4-inset) . The calculated thermal activation energy obtained from the 113 Cd T1 experiments as a function of temperature is consistent with the reported "hopping" of Cd vacancies in similar types of materials 35, 36 and supports the theoretical study by Plenkiewicz et al. 37 . As described by Conte et al. 38 Finally, the overall temperature dependence of the spin-lattice relaxation process (Fig. 4) can now be described via a bipartite mechanism as 
IV. CONCLUSIONS
In summary, we have carried out 113 Cd NMR experiments in the Dirac semimetal Cd3As2. The 113 Cd spectra are asymmetric due to a site inequivalence between the cadmium atoms within the lattice. The MAS results resolve two main groups of resonance in a 2:1 ratio. We observe a crossover from a power-law behavior (T 2 ) of the spin-lattice relaxation rate (1/T1) at lower temperatures to Cd site hopping dynamics at high temperatures. Surprisingly, the observed magnitude of the observed T1 values, the magnitude and sign of the 113 Cd resonance shifts, the magnetic field dependence of 1/T1 of Cd3As2 are in direct contradiction to those typically found for conductors, semiconductors and semimetals, in spite of its semimetallic band structure. Its electronic properties are closer to graphene than a typical semimetal. 
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